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Hedonic Price Estimation for Commodities:
an Application to Cotton

Don E. Ethridge and Bob Davis

A model of hedonic prices - implicit prices of embodied quality attributes - was
developed for cotton lint and the relative importance of various quality attributes were
estimated with regression analysis from sample data on observed sales of cotton. Results
indicated that producer prices were sensitive to variations in fiber length, micronaire,
and trash content. Results also revealed differences in relative importance and sensitivity
between years.

Hedonic prices are the implicit prices of
attributes or characteristics embodied in a
commodity as opposed to the price of the
commodity itself. The underlying hypothesis
is that goods are valued for their utility-
bearing characteristics and that prices of
goods vary with the specific amounts of those
characteristics associated with them [Rosen].
Thus, markets generate observed product
prices which are a composite of some (often
undefined) set of embodied characteristics.

The general purpose of this paper is to
present an approach to the estimation of
hedonic prices for a semi-processed agricul-
tural commodity, cotton lint. The specific
purpose of the study was to determine the
relative impacts of the various quality attri-
butes of cotton lint on producer prices, i.e.,
to determine the value of fiber length (or
micronaire, color, or trash content) as it con-
ributes to the value of a bundle of cotton in
which it is embodied.

Most empirical hedonic work has concen-
trated on hedonic price indexes - removing
quality change from price indexes [Griliches,
1971]. In addition, the empirical studies have
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dealt predominantly with manufactured in-
dustrial products such as automobiles
[Fisher, Griliches, and Kaysen; Griliches,
1961; Cagan; Dhrymes], tractors [Fettig],
houses [Bailey, Muth, and Nourse; Mus-
grave], diesel engines [Kravis and Lipsey],
refrigerators [Dhrymes], washing machines
and carpets [Garett], and electric apparatus
[Dean and DePodwin]. Although not labeled
hedonic price estimation, Waugh's 1929
study of vegetable prices was an early at-
tempt at such an endeavor. The empirical
procedure for estimation of hedonic price
indexes is useful wherever underlying prod-
uct characteristics are measurable, but their
impact is not necessarily obvious. For exam-
ple, the early estimation by Griliches [1961]
examined the impacts of horsepower,
weight, length, body style, engine and trans-
mission types, and other factors on U.S. pas-
senger car prices.

It is important to note that estimated he-
donic price functions typically identify nei-
ther demand nor supply functions [Rosen]
although the literature contains attempts to
treat product quality in consumer demand
theory [Murphy; Officer] and component
pricing of commodities [Perrin]. However,
both observed prices and implicit prices of
embodied attributes may be affected by mar-
ket demand and/or supply considerations; for
example, they may change as quantities of
the product change. Because of market
forces, the implied value of an embodied
quality attribute may not be constant over
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time and may vary with the specific market
(regional, end-use, etc.). The hedonic esti-
mation process may then have to adjust for
effects of changes in market forces over time
when time series data are used and provide a
means for comparison of hedonic prices at
different points in time when cross section
data are employed.

This analysis was applied to a semi-
processed agricultural product, cotton lint.
Impact of quality attributes on price rather
than a price index was the main focus of the
study, and primary as opposed to secondary
data were utilized. The approach also en-
tailed use of generalized least squares estima-
tion procedures to handle data problems,
especially autocorrelation. The procedures
may be applicable to many other types of
commodities.

The paper is divided into three sections:
(1) an explanation of the hedonic model in-
cluding institutional attributes of the cotton
market that impact model formulation, (2)
data considerations and their effect on the
model, and (3) findings and conclusions.

Hedonic Price Model for Cotton

Most domestic cotton producers sell cotton
on the basis of a class card, or officially, the
Smith-Doxey classification system. Each pro-
ducer's cotton is graded by USDA employees
who examine a sample from each bale and
assign values for three quality attributes -
grade, staple, and micronaire -which are
then recorded on the class card.l The pro-
ducer sells the cotton on the basis of the
official values. The first attribute, grade, is a
two-digit index that depicts the color of the
cotton lint and its trash content. The first
digit of the grade index is a scale of 1 to 8
which indicates the trash content and a
characteristic called "condition" [USDA,

1The Cotton Division, Agricultural Marketing Service,
USDA is the federal agency responsible for classing

cotton. The explanation of cotton classing presented

here is greatly simplified. For more information, see

USDA, "The Classification of Cotton".
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1980]. The higher the digit, the more trash
contained in the sample and the worse the
condition. The second digit of the grade in-
dex may assume a value from 0 to 7 which
refers to the color characteristics of the lint. 2

Pure white cotton would be assigned a low
number, whereas yellow, gray or discolored
cotton would receive higher values, with the
values increasing for the less desirable colors,
indicating lower quality cotton. The second
quality variable, staple, signifies the length of
cotton fiber in 32nds of an inch, thus staple
32 denotes a 1-inch fiber length. Micronaire
is an index of fiber fineness and maturity.
Micronaire values, such as 3.1, 3.8, 5.0, etc.
are determined by an instrument with
fineness decreasing (coarseness increasing) as
the numbers rise. Micronaire values range
from 2.5 to 5.4. Grade and staple are deter-
mined visually by the federal grader.

Producers generally sell cotton in mixed
lots. That is, individual bales are combined
into lots of varying numbers of bales of differ-
ing quality characteristics. These lots are sold
to merchants on the basis of a "recap", which
is a one-page summary of the number of
bales in each quality category [Ethridge,
Shaw, and Ross]. The merchant pays one
price per pound for all bales in the lot. This
practice complicates model formulation be-
cause sale prices for individual bales of cotton
are observable only in the case of one-bale
lots. Thus, the model was adjusted to accom-
modate data on mixed-lot sale observations
by using lot averages for the meaningful qual-
ity variables. Lot size and variation in quality
within lots were hypothesized to affect the

2This interpretation of the grade code is a simplification
of a highly complex set of descriptive standards and is

used with the assumption that the simplifications are

realistic for purposes of quantification. A problem with

utilizing the second digit of the grade code is that the

numbers 6 and 7 on the scale refer to grayness and are

not a true continuum from the previous numbers.
However, for the cotton sampled in this study area

(Lubbock, Texas, Classing Territory), an inconsequen-
tial amount falls in these groups (about .01 percent).
Therefore, the model formulation below may not be

usable as a generalized model, i.e., when considering

all ranges of color.
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average cotton price paid per lot. Lot size
was expected to directly affect price since the
paper work and time required for merchants
to purchase a large lot of cotton is about the
same as for a small lot. Quality variation
within lots was expected to affect lot price for
two reasons. First, merchants need less time
and effort to organize standardized mill or-
ders with more homogeneous lots, and sec-
ond, homogenous lots should tend to reduce
merchants' uncertainty about market outlets.

From the considerations discussed above
and excluding the market forces which affect
general price levels and vary with time, the
hedonic price model for cotton was specified
as:

(1) P=h(G1, G2, L, M, LS,
VG 1, VG2, VL, VM)

where

P = producer price for
a lot of cotton in
cents per pound

G1 = average first digit
of the grade code
for the lot of cotton

G2 = average second di-
git of the grade
code for the lot of
cotton

L = average staple
length code for the
lot in 32nds of an
inch

M = average mi-
cronaire reading
for the lot

LS = lot size in number
of bales

VG 1, VG2, VL, VM = variation about G1,
G2, L, and M
within the lot of
cotton

Data Considerations

Data for all variables in equation (1) are
available on or can be computed from recap

sheets. The data set consisted of 992 recap
sales observations from eight gin pionts in a
localized area of the Texas High Plains for the
1976/77 and 1977/78 seasons. 3 Because aver-
age cotton quality appeared to be different
for each year, the model was estimated for
each year as well as for both years combined.
For each sales observation, the average price
for the lot of cotton and the lot size were
observed directly; average lot values for G1,
G2, L, and M were calculated. Since mi-
cronaire values were reported as the number
of bales in micronaire groupings, the mid-
point of each group was used to calculate a
mean value for M. Standard deviations of
quality variables within lots were used as
indices of VG1 , VG2, VL, and VM.

Examination of the data suggested mul-
ticollinearity problems among the indices of
quality variability within a lot of cotton. 4 Two
alternatives for adjusting the model were
considered: (1) constructing a composite
variability index and (2) using only one of the
variability indexes in the estimating equa-
tion. The first approach required a method of
assigning weights to the various indices (VG 1,
VG 2, VL, and VM) and was deemed to be
arbitrary. The second approach required
some means of selecting a single index. Dis-
cussions with individuals knowledgeable in
cotton quality, merchandizing, and textile
mill use suggested that of the four indices,
VM would be the most appropriate single

3The data were gathered for a study of instrument
testing of cotton [Ethridge, Shaw, and Ross; Robinson,
et al.], although not all of the data gathered were used
for that purpose.

4The first suggestion that a problem might exist was that
VG1, VG2, L, and VM were all intercorrelated with
simple correlation coefficients between .31 and .55;
individual simple correlation coefficients did not neces-
sarily signify a problem, but the fact that they were all
intercorrelated did indicate a potential problem. Ear-
lier analysis [Ethridge, Shaw, and Ross] which found
high standard errors and low t values of coefficients
coupled with a high F statistic for the equation and that
coefficients were sensitive to the inclusion of other
variables further supported the existence of multicol-
linearity [Intriligator, pp. 153-56].
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index because (1) the spinning process is
more sensitive to micronaire than to grade
and fiber length characteristics and (2) varia-
tions in micronaire pose a major problem in
the finishing (dyeing) process. Thus, if price
is sensitive to variation of quality within a lot
of cotton, one might expect more sensitivity
to variation in micronaire than to other quali-
ty attributes. The confirming rationale for
using VM was that initial regression analysis
showed that of the variability indexes, only
VM had a coefficient with a significant t value
at the .05 level.

The model was specified as linear for all
variables except micronaire within the range
of values contained in the sample of cotton
used. There is a range of micronaire values
considered to be most desirable for textile
manufacturing and the value of cotton tends
to decrease as micronaire deviates both ways
from that range. This pattern is also reflected
in the government loan rates. Thus, the rela-
tionship between price and micronaire was
expected to be curvilinear and was for-
mulated as quadratic. Again excluding mar-
ket impact, the resulting hedonic price re-
gression model was:

(2) P =Bo + BG + B 2G 2 + B 3L+
B4M + BsM 2 + B6LS + B7VM + t

where

Bi = parameters
VM = standard deviation of micronaire

readings within a lot of cotton

E = stochastic error term

Expected signs for the regression coeffi-
cients are as follows:

1. The coefficients of G1 and G2, the two
components of grade should both be
negative since higher values for these
variables represent lower grades and
price should fall as grade deteriorates.

2. The coefficient of L should be positive
since longer staple cotton will bring a
higher price, other things equal.

3. The coefficients of M and M2 should be
positive and negative, respectively,
since a particular quadratic relationship
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among price and these variables is ex-
pected. As mentioned earlier, price will
tend to be low for very low and very
high micronaire values and high for in-
termediate values. Thus a mound-
shaped quadratic concave to the origin
is expected.

4. Price is expected to vary directly with
LS since transactions costs are dimin-
ished as lot size increases and the mer-
chant can afford to pay a slightly higher
price for large lots, other things equal.

5. The coefficient of VM is expected to be
negative. The greater the variability of
the micronaire the greater the process-
ing problems with dyeing and finishing
and the lower the value or price of the
cotton.

Results

The model was estimated using both ordi-
nary and generalized least squares. 5 General-
ized least squares were used because the data
comprised a time series for each of nine gin
locations and autocorrelation problems were
expected both because this is common with
time series data in general and because the
cotton data tend to exhibit seasonal price
patterns over time which give rise to autocor-
relation. The ordinary least squares proce-
dure was used to verify whether the expected
autocorrelation was present. Equations were
estimated using data for each crop year sepa-
rately and for both years combined with year
as a dummy variable.

The OLS equations, numbers (1), (2) and
(3), Table 1, included date of sale within the
season as an independent variable coded in
sequential order beginning with November 1

'The use of weighted regression was considered on the
basis that price variation might increase as lot size
increases. However, to use lot size to weight observa-
tions assumes that observed lot prices are weighted
averages of individual bale prices, which is not the
industry practice. The mixed lot is the smallest unit of
observation and a per pound price for the lot is estab-
lished between the trading parties with the buyer hav-
ing only the summary of quality information available
on the recap.
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TABLE 1. Hedonic Price Regression Coefficients for Producer Sales of West Texas Cotton;
1976/77, 1977/78 and Combined Crop Years.a

Dependent Variable: Cotton Price
Ordinary Least Squares Generalized Least Squares

Independent 1976/77 1977/78 Both Years 1976/77 1977/78 Both Years
Variable (1) (2) (3) (4) (5) (6)

Constant 11.370 - 7.947 -16.440 0.137 0.306 0.513
G1 - 1.965 - 1.506 - 1.453 - 1.060 - 1.259 -0.9599

(-6.43) (-14.09) (-8.13) (-7.04) ( -19.31) (6.83)
G2 -2.970 - 1.011 - 1.991 -3.121 -0.840 -2.270

(-11.10) (-8.10) (-10.77) (-20.13) (-10.94) (-15.59)
L 0.867 1.070 0.917 0.351 1.059 0.442

(6.10) (16.11) (9.55) (7.54) (23.21) (8.89)
M 15.860 10.420 26.670 31.580 6.928 25.971

(5.94) (6.35) (18.20) (29.34) (8.95) (28.93)
M2 - 1.424 -1.182 -2.887 -3.986 -0.755 -2.975

(-3.68) (-5.96) (- 14.50) (- 23.75) ( -7.79) (- 23.10)
VM -3.791 -0.246 -3.319 -3.335 -0.740 -2.688

(-4.60) (-0.72) (-6.42) (-7.88) (-3.56) (-6.32)
LS 0.0075 0.0041 0.0049 0.0040 0.0045 0.0033

(1.96) (2.97) (2.12) (1.41) (5.13) (1.69)

Date -0.0140 0.0433 0.0245 - - 0.0228
(-2.43) (30.39) (9.08) (5.54)

Year -21.44 -20.296
(-66.12) (- 67.85)

R2 0.763 0.843 0.860 0.900 0.897 0.905
F 224.52 279.73 670.48 705.11 514.04 1035.73
n 566 426 992 566 426 992
d 0.62 0.81 0.75 2.02 2.39 2.11

aNumbers in parentheses below coefficients are parameter t-values.

as 1. This variable was used to adjust for any
trend of prices within years. All OLS coeffi-
cients had expected signs and high t-values;
however, the Durbin-Watson d-statistic indi-
cated significant autocorrelation with all
three equations (Table 1).6 The signs on the
coefficients for date of sale were opposite in
equations (1) and (2) indicating different sea-
sonal patterns for price for the two crop
years. The coefficient for the date variable in

6 The data set did not constitute a true time-series be-
cause multiple sales occurred on some dates and no
sales occurred on other dates. However, since the
observations were arranged in time sequence in the
data set, the d-statistic was used.

equation (3) was positive but half the size of
that for 1977/78, while the dummy variable
for year was negative, indicating lower prices
in 1977/78. The dummy variable for year was
used to adjust for the effect of other factors
which influence the general level of price
between the two years.

The generalized least squares equations,
numbers (4), (5) and (6), Table 1, also had
statistically significant coefficients with ex-
pected signs, and as expected, the d-values
showed no autocorrelation. Only the coeffi-
cient for lot size (LS) in equation (4) appeared
to have a somewhat low t-value, but it too, is
significant at the .10 level of probability. A
Chow test [Intriligator, p. 194] was con-
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ducted to see if the regression coefficients in
equations (4) and (5) were equal. The result-
ing computed F of 879.5 greatly exceeded
the table value of 2.5 at the .01 level of
significance. Thus the hypothesis of equality
of regression coefficients for the two years
was rejected, signifying that the quality attri-
butes affected price differently in each year
and the equation from pooled data was not a
realiable indicator of their effects.

From an examination of the regression co-
efficients in equations (4) and (5), micronaire,
variability in micronaire and the color of the
cotton fiber tended to be much more impor-
tant in affecting price in the 1976/77 crop
year than in the 1977/78 crop year, while
fiber length was less important. Lot size and
the trash component of grade seemed to have
about the same influence in each year. Elas-
ticity estimates, computed at the mean
values of the variables, indicate similiar rela-
tionships (Table 2). If the sizes of the elas-
ticities are meaningful, then micronaire, fi-
ber length and color seemed to have the most
impact on price, but the absolute amount of
the impact varied by crop year. Weather and
other factors affect the maturity and color of
the crop as measured by these three impor-
tant quality variables. For the two years
under consideration, in 1976/77 cotton was of
relatively longer staple, but lower in mi-
cronaire and more off-color than in the fol-
lowing year. The model indicates those fac-
tors contributed to the lower prices in
1976/77. Given the variability in growing
conditions, this study shows that it may not
be practical to obtain one general equation
that will show the effect of quality on price

for a period of years, rather a more complex
system of equations may be needed. Quality
appears to affect price in any given year, with
the effect dependent upon the particular
quality attributes present in that year's crop,
and upon the demand for the attributes.

If, as the hedonic price hypothesis sug-
gests, there is an implied market for the
individual quality attributes then relative
scarcity of a quality attribute will raise its
price, or in the context of this analysis, its
relative importance in the determination of
the market price of the product. For exam-
ple, consider the coefficients for fiber length
in columns (4) and (5), Table 1. There was a
relative abundance of cotton with longer fi-
ber length in 1976/77 (compare mean fiber
lengths, Table 2), so the value of length was
lower in 1976/77. Conversely, there was a
relative scarcity of high micronaire cotton in
1976/77 (mean value of 3.35 versus 4.37 in
1977/78), so the relative impact of micronaire
values was greater in 1976/77.

Implications

Many factors other than quality attributes
affect producer cotton prices. However, the
range of prices implied by the variation in
explanatory variables in this study has a sub-
stantial affect on producer prices over and
above those from formal market fluctuations.
When all variables in equation (4) are varied
one standard deviation in both directions
from their means, cotton price varies from 43
to 67 cents per pound. For the variables in
equation (5) the same type of variation pro-
duces a range of cotton prices from 46 to 75

TABLE 2. Estimated Elasticity Coefficients at Mean Values of Variables.a

Elasticity With Respect to:
of Expected

Price G1 G2 L M VM LS

1976/77 -. 078 -. 134 .206 1.920 -. 016 .002
(55.11) (4.04) (2.37) (32.35) (3.35) (0.27) (29.0)

1977/78 -. 073 -. 019 .556 .499 -. 002 .003
(60.66) (3.53) (1.35) (31.85) (4.37) (0.20) (45.3)

aMean values of variables are shown in parentheses.
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cents per pound.
Once the relative values of the quality

attributes are known, producers, ginners,
policy makers and others can influence the
variables to some extent. Producers have
substantial influence on the values associated
with LS and VM through their approach to
formulating mixed lots for sale. However,
these two variables have the least relative
impact on price. Variety selection may be the
best way that producers have of affecting G2,
M and L, while G1 may be influenced
through ginning practices and processes. Po-
litical decisions to support research in plant
genetics and/or educational programs and
market information on the value of quality
attributes are positive ways that policy mak-
ers can help producers in the long term.

In interpreting these results, the reader is
reminded that measured price impacts oc-
curred at the point of first sale of the com-
modity and applied only to producer prices.
To the extent that the final users of cotton as
a fiber look for other quality attributes not
currently observed at the first pricing point,
the model applied here would need to be
adjusted to take those other factors into ac-
count.
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